Purpose Contaminated sites from man-made activities such as old-fashioned tanneries are inhabited by virulent microorganisms that exhibit more resistance against extreme and toxic environmental conditions. We investigated the effect of different Gamma radiation doses on microbial community composition in the sediment of an old-fashioned tannery. Methods Seven samples collected from the contaminated sites received different gamma radiation doses (I = 0.0, II = 5, III = 10, VI = 15, V = 20, VI = 25, and VII = 30 kGy) as an acute exposure. The shift in microbial community structure was assessed using the high throughput 454 pyrosequencing. Variations in diversity, richness, and the shift in operational taxonomic units (OTUs) were investigated using statistical analysis.
Introduction
Gamma radiation is widely used in many applied sciences, especially those fields targeting material improvement, soil and food preservation including sterilization and quality assurance for consumables. Gamma radiation is a favorable tool for studying soil properties and elimination of soil organisms (Gebremikael et al. 2015; McNamara et al. 2003) . Selecting the suitable irradiation dose for a soil is also affected by factors like moisture content, hydrocarbon content, soil type, and biological diversity (Nunan et al. 2017; VanMensel et al. 2017) . Shifts in the microbial and biological profile of irradiated soil could be dependent on soil physicochemical properties (i.e., moisture, pH) (Gebremikael et al. 2015) . In addition, variations in microbial community in an irradiated soil sample could be determined by several factors, such as light, exposure time, organic matter, and biological processes, i.e., fermentation and DNA repair (Brown et al. 2015; Gebremikael et al. 2015; McNamara et al. 2003) . Recent reviews Pavlopoulou et al. 2016) reported several potential mechanisms for microbial radiation resistance including reactive oxygen species (ROS) detoxification systems, enzymatic antioxidant processes, and DNA repair systems. However, gamma radiation causes cytoplasmic water radiolysis resulting in protein oxidation, which leads to the survival of bacteria in soil or sediment (Brown et al. 2015) . Consequently, this redox conditions can inhibit or enhance the microbial activity and it quantifiably changes the microbial profile when compared with the indigenous available microbes (Schaller et al. 2011 ) and this is reflected by the presence of higher energy yield generated from electron donors and acceptors (Brown et al. 2015) . In addition, the ability to use redundant genetic information and cell lysis to repair DNA damage after irradiation has been reported (Billi et al. 2000) for Chroococcidiopsis strains isolated from desert and hypersaline environments. Therefore, the isolation, identification, and characterization of microorganisms that can survive in irradiated or extreme and toxic soil has become of particular interest for scientists working in environmental biotechnology and bioremediation of contaminated sites, to investigate the level of radiation resistance and the mechanisms of resistance of those microorganisms.
Different range of gamma radiation doses can sterilize and eliminate the majority of organisms in soil. For example, in most soils, fungi, actinomycetes, and invertebrates can be eliminated with a maximum dose of 10 kGy while 20 kGy can kill the majority of existing bacteria (McNamara et al. 2003) . At the Hanford Site, Washington State, a contaminated radioactive site, Deinococcus radiodurans strains were isolated from samples contaminated with > 20 μCi of 137 Cs g −1 (Fredrickson et al. 2004 ) along with other isolates from samples contaminated with > 10 μCi of 137 Cs g −1 (Fredrickson et al. 2004 ) reported that Gram-positive bacteria, i.e., Arthrobacter, and phyla with high G + C content, i.e., Rhodococcus, could survive the extreme physical and chemical stress associated with radioactive waste. In practice, 10 kGy of gamma radiation was enough to induce changes in the microbial community from garden clay (El-Sayed and Ghanem 2009) which was dependent on the type of bacteria and soil properties.
Combination of organic material content and moisture content affects irradiation dose and microbial community structure. In a comparative study, different irradiation doses using a gamma facility ( 60 Co source) were applied on two soil samples collected from the Sonoran Desert and Louisiana forest (Rainey et al. 2005) . Interestingly, some bacteria were isolated from the desert soil after irradiation up to 30 kGy, mainly from three genera: Deinococcus, Geodermatophilus, and Hymenobacter, while there were no isolates from the forest soil sample irradiated above 13 kGy. These ionizing radiationresistant bacteria isolated from the desert soil might enhance the further development and evolution of other DNA repair systems that protect cells against external stressors (Rainey et al. 2005) . Similarly, Deinococcus deserti was isolated from the Sahara Desert in Morocco and Tunisia and it survived as colony-forming bacteria on agar plates after receiving 15 kGy radiation dose (de Groot et al. 2005) .
Most known gamma radioresistant species belong to the Archaea, with a small proportion belonging to bacteria such as Deinococcus. For example, three hyperthermophilic archaeal species have shown radiation resistance. Thermococcus gammatolerans and Thermococcus radiotolerans were isolated from a deep-sea hydrothermal vent chimney of the Guaymas Basin and their growth was observed at 30 kGy (Jolivet et al. 2003 (Jolivet et al. , 2004 while Thermococcus marinus was isolated from a sample obtained from an active chimney wall from the Snakepit hydrothermal site on the Mid-Atlantic Ridge, after exposure to 20 kGy (Jolivet et al. 2004) . A range of bacterial species belonging to Deinococcus and Geodermatophilus genera have shown signs of activity and growth at up to 30 kGy (Rainey et al. 2005) while members of the genus Hymenobacter could not grow after exposure to radiation exceeding 25 kGy (Rainey et al. 2005; Zhang et al. 2007) . Rubrobacter is another important genus, with three species (Rubrobacter radiotolerans, Rubrobacter xylanophilus, and Rubrobacter taiwanensisi) that survived at 18 kGy with variable heat tolerance (Chen et al. 2004) . Species in the genus Deinococcus are not only resistant to gamma radiation but also to ultraviolet radiation, such as Deinococcus saxicola, Deinococcus frigens, and Chroococcidiopsis and Methylobacterium genera contain species with radioresistance up to 15 kGy (Billi et al. 2000; Rainey et al. 2005) while other genera such as Kineococcus and Kocuria contain species that have shown growth at lower doses (i.e., < 10 kGy) and Arthrobacter sp. survived at a maximum of up to 3 kGy (Rainey et al. 2005) .
The present study focused on the effect of gamma radiation on the indigenous microbial communities of contaminated sites and consequently the redistribution of major genera and phyla of subsurface soil samples collected from a tannerycontaminated site using high throughput 454 pyrosequencing. We aimed to understand which groups of microorganisms can withstand the effect of radiation, and to investigate their potential biotechnological applications.
Materials and methods

Sample collection
Samples were collected from a remote area located near the second industrial city to the south of Riyadh, Saudi Arabia (24°27′ 07.72′′ N and 46°53′ 04.79′′ E), where several old hangers hosting old-fashioned tannery activities are ongoing. Tannery effluents are being discharged to an arid site close to the hangers via sewage tankers. Twenty random samples around the site were collected in appropriate sterilized bottles. The soil was solid enough to allow gentle handling and mixing of the samples to improve homogeneity. The bulk was divided into seven subsamples and around 2.0 g of each sample was exposed to different irradiation doses using an in-house gamma facility (GC-220E, Nordion Inc., Ottawa, ON, Canada) at a dose rate of 4 kGy/h, where 60 Co activity was 23,766 Ci, as follows: I = 0.0 kGy (control), II = 5 kGy, III = 10 kGy, IV = 15 kGy, V = 20 kGy, VI = 25 kGy, and VII = 30 kGy. The seven samples were then transferred and kept for 30 days in the dark at room temperature prior to DNA extraction to avoid contamination of samples by degraded DNA fragments caused by irradiation.
Chemical analysis of the soil
Three soil samples were collected randomly from the tannerycontaminated site, in addition to a sample from a reference site (~12 km away from the tannery site). Soil samples were dried thoroughly, then sieved through a 2-mm sieve. From each sieved soil, 0.50 g was digested in a mixture of 5 ml of HNO 3 ,2 ml of HF, and 2 ml of HCl. Trace elements were measured by inductively coupled plasma mass spectrometry (ICP-MS), whereas a recovery of 98-100% was achieved using certified reference soil of Internal Atomic Energy Agency soil IAEA-SOIL-7.
DNA extraction, PCR amplification, and pyrosequencing
DNA from each soil sample (1.0 g) was extracted for bacterial identification and analysis. Genomic DNA was extracted using a PowerSoil DNA Isolation Kit (MO BIO Laboratories Inc., Solana Beach, CA, USA); a Nanodrop 1000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA) was used to quantify the DNA extracted. PCR, purification, and sequencing of genomic DNA (gDNA) were then conducted using Mr. DNA Lab (Molecular Research LP, Shallowater, TX, USA). PCR amplicon sequencing for 454 pyrosequencing was performed using (bTEFAP®) according to Dowd et al. (2008a, b) . The technology of 454 pyrosequencing, which is performed using a Roche 454 FLX titanium instrument, is a high throughput DNA sequencing method that uses a single strand of DNA with a length of 400-500 bp. All DNA samples were adjusted to 100 ng/μl, and 100 ng (1 μl) aliquots of each sample were used for a 50-μl PCR reaction. Forward and reverse 16S universal eubacterial primers 515F (GTGCCAGCMGCCGCGGT AA) and 806R (GGACTACHVGGGTWTCTAAT) (Caporaso et al. 2011) were used for a single-step 30 cycle PCR. The PCR amplification was accomplished using a HotStar Taq plus Master Mix Kit (Qiagen, Valencia, CA, USA) under the following conditions, 94°C for 30 min, followed by 28 cycles of 94°C for 30 s, 53°C for 40 s and 72°C for 1 min, and then a final elongation step at 72°C for 5 min. All amplicon products from different samples were mixed in equal concentrations and purified using Agencourt Ampure beads (Agencourt Bioscience Corporation, Beverly, MA, USA), then subjected to PCR.
Microbial sequences analysis
The sequence data was processed using a proprietary analysis pipeline owned by Molecular Research Lab (www.mrdnalab. com, MR DNA, Shallowater, TX). The following sequences were removed; barcode sequences and primers shorter than 200 bp, sequences with ambiguous base calls and sequences with homopolymer runs exceeding 6 bp. Finally, chimeras were removed after denoising sequences.
After the removal of singleton sequences, operational taxonomic units (OTUs) were defined and clustered at 97% similarity. Taxonomic classification of OTUs was undertaken using BLASTn against a curated GreenGenes/ RDP/NCBI-derived database (DeSantis et al. 2006 ) and compiled into each taxonomic level. A package of different statistical analyses including XLstat, NCSS 2007, "R," and NCSS 2010 were utilized for hierarchical clustering, heat map analysis, and the "indval" calculation, respectively. The overall phylogenetic distance among communities was estimated using Fast UniFrac (Hamady et al. 2009 ) of the relative abundances and visualized using principal coordinate analysis (PCoA) (Hamady et al. 2009; Lozupone et al. 2007 ). To compare OTUs among samples, shared OTUs were identified using XOR analysis (CL community program; Chunlab Inc. Seocho-gu, Seoul, Republic of Korea) (Cha et al. 2014; Hollinshead et al. 2014) .
Results
Chemical analysis
The chemical analysis of the soil in the tannery site showed pronounced increase in the concentration of specific elements compared to a reference site (12 km away from the tannery site, Table 1 ). For example, Cr, Sr, and Zn concentrations in the tannery soil were respectively~6 times, 2 times, and 1.5 times higher than the same elements in the reference soil. The concentrations of other elements tested (in Table 1 ) in the tannery soil were less than those of the reference soil.
Diversity and composition of soil prokaryotes
After stringent quality sequence curation, 23,297 sequences were parsed. A total of 18,550 sequences identified as bacteria and archaea, at 97% similarity, were used for the final analyses and the average number of reads per sample was 2650 ( Table 2) , The rarefaction curve was sufficient to reflect a satisfactory coverage of bacterial and archaeal richness ( Fig. 1 ). All samples showed high diversity, reflected by the Shannon index, while it was the highest for sample I (4.90) and the lowest for samples VI and VII (4.49) . The sample exposed to treatment I recorded the highest Chao1 index (740), indicating that it had the richest microbial (bacteria and archaea) community, while the lowest was for treatment VII (Table 2) , UniFrac distance-based Jackknife clustering (Fig. 2 ) of the whole community (bacterial and archaeal communities) associated with the seven soil samples, I-VII, showed that there were three combined clusters, I/II, III/IV, V/VI, and a standalone cluster, VII.
A dual hierarchal dendrogram (Fig. 2 ) was constructed to provide a visual overview combining a heatmap for predominant genera and connection lines as clusters with more similar genera, based on matching similarity. Sample VII formed a cluster separate from that of samples I-VI, indicating a significant difference between the two clusters. Heatmap analysis and RDP classifiers revealed as many as 11 diverse genera that were present at > 5% among the seven samples, including Halocella, Anaerophaga, Aminobacterium, Virgibacillus, Clostridium, Thermus, Thermovirga, Anaerosporobacter, Parasporobacterium, Petrimonas, and Symbiobacterium (Figs. 3 and 5) . Halocella, Parasporobacterium, and Anaerosporobacter were at their highest proportions in sample VII, with the highest radiation dose (30 kGy), when compared with their presence in the rest of the samples (I-VI, 0.0-25 kGy).
Overall, the most predominant phylum identified from subsurface soil of the tannery-contaminated site was Firmicutes, which comprised an average of 57% followed by Synergistetes and Bacteroidetes at around 17 and 13%, respectively, of the microbial population. However, the proportion of Firmicutes was highest (66%) at the highest gamma dose in sample VII (30 kGy), when compared with the control sample (0.0 kGy), while the opposite occurred for Synergistetes. The major phyla detected and their relative abundances are outlined in (Fig. 4 ). In addition, at the genus level ( Fig. 5 ), sequence frequency for members belonging to genera Aminobacterium and Clostridium were the highest across all samples, with averages of~13 and1 1 % , r e s p e c t i v e l y. P a r a s p o r o b a c t e r i u m a n d Petrimonasthe were the least abundant with averages of2 and~3%, respectively. Genus Thermus was detected in only two samples: V (20 kGy) and VI (25 kGy), with significant percentages of~8 and~6%, respectively. Proteobacteria and Deinococcus-Thermus phyla just exceeded the threshold of 5% in only two samples, IV (15 kGy)/V (20 kGy) and V (20 kGy)/VI (25 kGy), with average proportions of 8 and 7%, respectively, of the whole microbial community. These phyla were detected in other samples at other radiation doses but at proportions of < 5%, which were then discounted by the analysis software.
Discussion
Extermophilic habitats such as encrusted soils (Chennu et al. 2015) and hypersaline coastal sediments harbor very interesting versions of microbial communities on a micrometer scale (Albokari et al. 2018 ) and such microorganisms can tolerate those stresses and adapt to the current conditions. Previous work on this site (Albokari et al. 2018) showed the presence of both eukaryotic and prokaryotic microorganisms, including bacteria, archaea, and fungi within the surrounding toxic, polluted, and arid conditions. Our previous studies (Albokari et al. 2018 ) on the same site reported very high concentrations of Cr, Sr, and Fe. In this study, gamma rays, as an external stress, were applied to the samples collected from the tannery-contaminated site to show the predominant microbial communities at different levels of radiation and to report any redistribution at the genus and phylum levels.
Diversity and composition of soil prokaryotes
Sediment, soil, and environmental samples (i.e., microbial mats) are very complex and heterogeneous systems when they are biologically and genetically evaluated. Studies on these samples are often non-repeatable, non-reproducible, and the microbial consortia differ from time to time based on the surrounding conditions and on the molecular tools assigned to the particular study (Delmont et al. 2011 ). The study of Delmont et al. (2011) reported that extraction methods do not provide a uniform and unbiased subsample of metagenomic DNA and resulted in different distribution of species. In Table 2 , the control sample (sample I), which received 0.0 kGy, showed the highest diversity (Shannon) and richness (Chao1) indices and double the number of OTUs when compared with the irradiated samples (samples II-VII); this was expected as gamma irradiation kills soil organisms (Chen et al. 2004; El-Sayed and Ghanem 2009; Hamdi et al. 2015; Song and Kuai 2017) . The relationships between microbial communities in the different irradiated samples, as shown in (Fig. 2) , support the impact of gamma radiation on the microbial community by restructuring of the indigenous community profile in treatment I (control, 0.0 kGy) and construction of three clusters combining treatment I/treatment II, treatment III/treatment IV, and treatment V/treatment VI; treatment VII was alone as it was very distinguished and different from the others. We calculated the Indicator Value (IndVal) using the R software (ver 3.6.0) to indicate the species that can be used to gather information about the different radiation treatments (see the Supplementary Information file). Our analysis showed that with applying the different radiation treatments, the number of the indicator species decreased (taking the 0.7 as threshold), except for treatments IV and V, where the number of indicator species increased. For example, the IndVal for treatment VI suggests that the two species Halococcus thailandensis and Sporosarcina sp. are the indicator for this treatment, while Acetivibrio sp. and Sporosarcina quimarina are the indicators for treatment VII (Supplementary Information). The dominance of certain bacterial species indicates that these species had some form of radiation resistance. For example, Halocella species are halophiles and usually they were isolated from hypersaline lakes (Jiang et al. 2006 ) and saline environments. Moreover, species and genera of spore-forming bacteria such as Parasporobacterium and Anaerosporobacter (Jeong et al. 2007; Mechichi et al. 1999 ) could resist and survive high radiation doses, such as the 30 kGy as in the present study, because of the unique formation of spores. Two other distinguished genera, Symbiobacterium and Thermus, survived at 20 and 25 kGy and were dramatically affected by the maximum radiation dose in the present study, which was 30 kGy. Generally, Thermus species are very well known for their adaptation to high temperature and are very sensitive to ionizing radiation and desiccation (Omelchenko et al. 2005) ; this is why they might have perished in sample VII that received 30 kGy. However, in a recent comprehensive review (Ranawat and Rawat 2017) on the mechanisms of thermophiles to evade radiation resistance, it was reported that thermophilic radiation-resistant microbes can give deep insight into life in harsh environments by studying their adaptive mechanisms. The complex physiology of such microbes, coupling molecular tools, and biological approaches could help to understand the response of thermophiles to radiation.
Symbiobacterium species like Symbiobacterium thermophilum and Symbiobacterium toebii are symbiotic thermophiles that depend on co-culture growth (Kim et al. 2011; Ueda et al. 2004) . They managed to survive up to 25 kGy and then started to perish when Thermus species could not resist the maximum radiation dose of 30 kGy.
I n c o n t r a s t , t h r e e m a j o r p r o m i n e n t g e n e r a , Aminobacterium, Clostridium, and Thermovirga, were present at > 5% in sample I (control, 0.0 kGy) and sample II (lowest radiation dose, 5.0 kGy) and then showed very low similar redistribution and resistance to gamma rays up to 30 kGy.
Commonly, Aminobacterium and Clostridium are not known to be extremophiles or radioresistant species but they are representatives of Firmicutes, which have been shown to have spore formation or fermentation processes helping them against external stressors. Therefore, their responses to ionizing radiation were expected. Aminobacterium species such as Aminobacterium colombiense, Aminobacterium mobile, and Aminobacterium thunnarium are normally present in the food industry wastewater (Hamdi et al. 2015) , while Clostridium species inhabit worldwide soil (Poehlein et al. 2017 ) and the intestinal tract of both humans and animals. Thermovirga species are moderately thermophilic (Dahle and Birkeland 2006) and most thermophiles are sensitive to ionizing radiation. Therefore, their abundance was halved from that in sample I starting from sample III (10 kGy). Three abundant genera (Anaerophaga, Virgibacillus, and Petrimonas) did not show Fig. 3 Relative abundance of phyla across the irradiated tannery soil samples any clear trend in response to increasing the gamma radiation. Anaerophaga species are moderately thermohalophilic (Denger et al. 2002) . Virgibacillus species vary between halophilic and halotolerant (Sánchez-Porro et al. 2014) and Petrimonas is mesophilic (Grabowski et al. 2005 ). In addition, the extraction, isolation, and detection of environmental microbes and species, especially from soil and sediment samples, are non-repeatable and non-reproducible processes and this might have resulted in the unclear trends of these three genera (Delmont et al. 2011) . However, because of their salt (Virgibacillus) and heat (Anaerophaga and Petrimonas) tolerance, very low percentages (1-4%) of these genera were detected in samples VI and VII.
Firmicutes and Synergistetes showed consistent trends and behavior across the samples, which probably reflected a marked functional diversity of some species within these two phyla. The former clearly increased while the latter decreased with increasing radiation doses from 0.0 up to 30 kGy. Firmicutes are very well known for their tolerance of harsh conditions and endospore formation (Filippidou et al. 2015; Wunderlin et al. 2013) . Therefore, the community of Firmicutes species and representatives might increase their functional diversity to survive at higher doses of radiation (25 and 30 kGy) by increasing fermentation activity or spore formation, which is in agreement with the results of Brown et al. (2015) . Synergistetes was mainly represented here by Aminobacterium and Thermovirga (Jumas-Bilak et al. 2009) and other members of its own genera (Grabowski et al. 2005) , none of which are known as extremophilic or radioresistant. The Bacteroidetes phylum is distributed worldwide, especially in marine environments, and its bacterial species colonize all types of habitats including soil, ocean, freshwater, and the gastrointestinal tract of animals (Thomas et al. 2011) . They are well known for degrading high molecular weight compounds and carbon compounds (Kabisch et al. 2014) . Bacteroidetes showed almost steady distribution and behavior across all samples, with proportions varying from 10 to 16% and no effect of increasing radiation dose. This is in agreement with the results of El-Sayed and Ghanem (2009) where the physicochemical properties of polluted soil, especially with hydrocarbons, might impose a type of second-degree shelter or mechanism for indigenous species within the microbial community allowing them to be isolated and detected after exposure to gamma irradiation or external stressors. However, identification of representatives of this phylum at the higher radiation doses of 20-30 kGy, despite the fact that most of them are non-spore-forming and Gram-negative anaerobes, suggested that after exposure to gamma radiation some nonspore-forming species might be able to recover (Brown et al. 2015) .
The response of Proteobacteria and Deinococcus-Thermus phyla to the radiation in our study is in agreement with Kabisch et al. (2014) where the tannery-contaminated site in this study was similar to the desert of Tataouine (Kabisch et al. Fig. 4 Relative abundance of genera present at ˃ 5% in the irradiated tannery soil samples 2014) in terms of aridity and high temperature, especially in the summer season. In the same study, Kabisch et al. (2014) tried to correlate a particular colonization ability of isolated strains from arid environments as a model of desiccation related to radiation tolerance. Nevertheless, phylum Deinococcus-Thermus includes species that are resistant (Chanal et al. 2006) to radiation (radioresistant and radiotolerant) and heat (thermophiles). Previously, species of the genus Thermus showed the same behavior, which indicated that they are thermophiles not radioresistant (Griffiths and Gupta 2007 (Brooks and Murray 1981) were not detected and identified in this contaminated site using high throughput 454 pyrosequencing.
Biotechnological significance of tannery prokaryotes
The tannery soil showed the presence of important bacterial species with known biotechnological importance. Halocella sp. has strong capabilities to hydrolyze hydrocarbon compounds, as its genome contains 21 genes associated with the glycoside hydrolases (Heng et al. 2019) . Halocella sp. produces important enzymes such as cellulase, hemicellulose, and amylase (Heng et al. 2019) . Moreover, the genome of the Halocella strain SP3-1 comprises the presence of the putative bacteriocin-encoding genes (Heng et al. 2019) . Bacteriocins are peptides produced by bacteria that inhibit or kill other microorganisms, making them potentially useful for the food and pharmaceutical industries (Heng et al. 2019) . Anaerophaga sp. is known to produce an orange-red pigment which is similar to carotenoids (Denger et al. 2002) . Cells of Anaerophaga have the ability to lower the surface tension of the medium because they produce a surface-active extracellular compound, which is heat-tolerant up to 70°C (Denger et al. 2002) . Virgibacillus sp. can produce three special types of proteinases, belonging to bacillopeptidase F-like enzymes exhibiting thermophilic and halotolerant characteristics with high stability at 30% NaCl (Phrommao et al. 2011; Sánchez-Porro et al. 2014) . Our results showed also the presence of the species Thermus, which is known to grow at elevated temperatures and it has often been inferred to biotechnology. Cells of Thermus can be used as factories for the recombinant production of thermophilic proteins at their natural temperatures, as well as, plasmids, thermostable enzymes (i.e., Taq polymerase), reporters, and promoters (Bergquist and Morgan 1995) . Between the bacterial species that were detected in the tannery site and have promising biotechnological applications is Parasporobacterium sp. This type of bacteria is known to produce dimethyl sulfide and methanethiol from methoxycontaining aromatic compounds and sulfide (Whitman 2015) . Deinococcus sp. is known to resist the damage caused by ionizing radiation, desiccation, UV radiation, and oxidizing agents. Additionally, they have the ability to degrade and metabolize sugars and polymeric sugars make them an attractive alternative for use in industrial biotechnology (Gerber et al. 2015) .
Conclusion
The present study aimed to illustrate the impact of different doses of gamma radiation on contaminated soil samples collected from an old-fashioned tannery site using 454 pyrosequencing. This study provides information about potential "radioresistant" and/or "radiotolerant" microbial species that are adapted to elevated level of chemical toxicity such as Cr and Sr in tannery. These species can be of a high biotechnological and environmental importance. The redistribution of the indigenous microbial community as a result of gamma radiation might arise from the natural behavior or processes of the microbial community when exposed to external stress. The recovery of non-spore-forming and Gram-negative anaerobes after soil irradiation warrants further study and evaluation.
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